Abstract The aim of the present study was to characterize the endophytic bacterial strain designated MSR1 that was isolated from inside the non-nodulating roots of Medicago sativa after surface-sterilization. MSR1 was identified as Enterobacter cloacae using both 16S rDNA gene sequence analysis and API20E biochemical identification system (Biomerieux, France). Furthermore, this bacterium was characterized using API50CH kit (Biomerieux, France) and tested for antibacterial activities against some food borne pathogens. The results showed that E. cloacae consumed certain carbohydrates such as glycerol, D-xylose, D-maltose and esculin melibiose as a sole carbon source and certain amino acids such as arginine, tryptophan ornithine as nitrogen source. Furthermore, MSR1 possessed multiple plant-growth promoting characteristics; phosphate solubility, production of phytohormones acetoin and bioactive compounds. Inoculation of Pisum sativum with MSR1 significantly improved the growth parameters (the length and dry weight) of this economically important grain legume compared to the non-treated plants. To our knowledge, this is the first report addressing E. cloacae which exist in roots of alfalfa growing in Al-Ahsaa region. The results confirmed that E. cloacae exhibited traits for plant growth promoting and could be developed as an eco-friendly biofertilizer for P. sativum and probably for other important plant species in future. 
Introduction
Bacterial endophytes are a group of soil bacterial that inhabit plant tissues and play a pivotal role in plant growth enhancement via direct and indirect mechanisms (Hallmann et al., 1997; Narula et al., 2013) . Production of phytohormones, solubilization, of inorganic phosphate, nitrogen fixation and sequestration of iron are different direct ways of endophytic bacteria for plant growth-stimulation. Among the indirect ways are protection against pathogenic microorganisms and amelioration of ecological constraints such as drought, salinity and heavy metals (Rodrı´guez-Dı´az et al., 2008; Dudeja et al., 2012; Rashid et al., 2012; Ji et al., 2013) .
Certain Enterobacter spp. have been reported as plantgrowth enhancers since they possess multiple growthpromoting activities (Kampfer et al., 2005; Deepa et al., 2010; Ramesh et al., 2014) . Several endophytic bacteria with traits of plant growth-promoting activities have been isolated from different plant species. Examples are Enterobacter spp. from maize (McInroy and Kloepper, 1995) ; Enterobacter sakazakii and Enterobacter agglomerans from soybean (Kuklinsky-Sobral et al., 2004) ; Enterobacter cloacae from citrus plants, maize (Arau´jo et al., 2002; Hinton and Bacon, 1995) ; Enterobacter asburiae from sweet potato (Asis and Adachi, 2003) . E. cloacae have been recently recovered from the soybean rhizosphere and enhanced significantly the growth of soybean-wheat (Ramesh et al., 2014) .
Researchers have given a considerable attention to bacterial endophytes of root-nodules of Alfalfa (Medicago sativa L.) due to its significant role in increasing nitrogen input to soils (Gallego-Giraldo et al., 2014) . These efforts revealed that root-nodules of alfalfa harbour diverse bacterial endophytes including the nodulating microsymbiont, Sinorhizobium meliloti (Young, 2003) , in addition to non-nodulating strains of Endobacter medicaginis (Ramı´rez-Bahena et al., 2013) Micromonospora (Trujillo et al., 2010) , and Brevibacillus choshinensis and Microbacterium trichothecenolyticum (Stajkovic´et al., 2009 ). These bacterial species seem to share this ecological niche. A comprehensive study was conducted using cultural-independent methods that revealed a high taxonomic variability among bacterial communities associated with nodules, stem and leaves of M. sativa (Pini et al., 2012) . They have found that members of Alphaproteobacteria are dominant in alfalfa tissues. However, little is known about the bacterial endophytes in roots of non-nodulating alfalfa plants growing in Al-Ahsaa region, Saudi Arabia. Therefore, the current work aimed at isolation and characterization using phenotypic and genotypic characteristics of bacterial endophyte isolated from surface-sterilized roots of alfalfa. In addition, inoculation of Pisum sativum with the isolated bacterium species was also assessed.
Materials and methods
2.1. Isolation of E. cloacae strain MSR1 from roots 2.1.1. Collection of Alfalfa plants Alfalfa plants were uprooted along with the rhizosphere from farms of Al-Ahsaa city and brought immediately to the laboratory in sterile plastic bags. To remove soil particles, roots were washed under running tap water. Surface sterilization was carried out according to the method described previously (Vincent, 1970) . E. cloacae were isolated from alfalfa roots by squeezing surface-sterilized roots between two sterilized glass slides and loopfuls of the exudates were streaked onto yeastextract mannitol agar (YMA) (Vincent, 1970) . The plates were then incubated at 30°C for 48 h. Well isolated colonies were re-streaked on fresh agar plates and maintained in agar slants and stored at 4°C for further use.
Morphological characteristics
The colonial characteristics (shape and margin) and pigmentation of MSR1 were determined. The shape of cells and Gram reaction were as described by Arora (2003) .
2.1.3. Phenotypic characterization MSR1 using API20 and API50CH kits (Biomerieux, France) Phenotypic characteristics of the strain MSR1 were investigated using the API20 and API50CH strip kits (Biomerieux, France) according to the manufacturer's instructions. After inoculation, the strips were incubated at 30°C and results were scored after 24 h hours for API20 and 48 for API50CH. Results of API20E were interpreted using the API 20E software Version 4.1 identification database.
Catalase test
MSR1 was tested for its ability produce catalase enzyme by adding drops of drops of hydrogen peroxide (5%) to an aliquot of an overnight MSR1 culture was smeared on a clean glass slide. Results were recorded as positive when gas bubbles were evolved within few seconds (Table 1) .
Production of indole acetic acid (IAA)
The ability of the MSR1 strain to produce IAA was investigated using the method outlined previously (Gordon and Weber, 1951) . MSR1 was grown in Bertani broth supplemented with 0.0 and 0.2 mg ml À1 of tryptophan and incubated in shaking incubator at 30°C for 3 days. Then, the cells were harvested after centrifugation at 8000 rpm for 15 min then 1 ml of the supernatant was mixed vigorously with 2 ml of Salkowski's reagent (150 ml of concentrated H 2 SO 4 , 250 ml of distilled H 2 O, 7.5 ml of 0.5 M FeCl 3 AE6H 2 O) (Ehmann, 1977) . The tubes were incubated in darkness at room temperature for 25 min. then the OD 530 was measured and the quantity of the IAA produced was estimated from standard curve of IAA.
Phosphate solubilization
In order to determine whether or not MAR1 is phosphate solubilizer, the strain was streaked on Pikovskaya agar which supplemented with calcium triphosphate as the source of mineral phosphate. The plates were incubated at 30°C after 72 h. Formation of a clear halo zone around the MAR1 colony was an indicator for a positive result (Pikovskaya, 1948) .
Growth of MAR1 under different concentrations of NaCl
To determine the tolerance level to NaCl salinity, MAR1 grown on nutrient agar plates contained 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10% NaCl. After 48 h of incubation at 30°C, the plates were checked visually for bacterial growth. The experiment was done in triplicates.
Intrinsic antibiotic resistance
MSR1 was tested for susceptibility to five different antibiotics. An overnight-old culture of MSR1 was spread homogeneously on the NA plates and antibiotic discs of ampicillin sulbactam (SAM, 10 mcg) cephradine (CE, 30 mcg), chloramphenicol (C, 30 mcg), erythromycin (E, 15 mcg) and tetracycline (TE, 30 mcg) were placed on the plates under aseptic conditions (Table 1) . After 24 h incubation period at 30°C, the plated were checked for appearance of zones of inhibition around the antibiotic discs, indicating that the strain is sensitive to the antibiotic tested at the concentration used. The actual diameter of the zone of inhibition was calculated by subtracting the diameter of the disc from the total diameter. The experiment was carried out in triplicate.
Starch hydrolysis
MSR1 was checked for the ability to consume starch as carbon and energy source for its growth by streaking on starch agar plates. The plates were incubated at 30°C for 24 h, then drops of iodine reagent were added to flood the plate and positive results were recorded when clear halos around the growing colonies appeared (Table 1) .
Antibacterial activity
The antibacterial activity of the strain MSR1 was determined against six pathogens as reference bacteria; Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853), Salmonella enterica (ATCC 13076), Listeria monocytogenes (ATCC 7644), Staphylococcus aureus (ATCC 25923), and Staphylococcus saprophyticus, (ATCC 15305) ( Table 1) . A loopful of an overnight MSR1 culture was placed on the NA plates which were seeded with the test bacterial strains. After 72 h of incubation at 30°C the plates were checked for formation of zones of inhibition around the MSR1 grown colonies (Table 1) .
PCR amplification of the 16S rDNA
Template DNA was prepared from a single colony of MSR1 using InstaGene Matrix (Bio-Rad, USA) according to the manufacturer instructions. Amplification of the 16S rRNA gene was carried out using the universal primers; 27F 5 0 -AGA GTT TGA TCM TGG CTC AG-3 0 and 1492R 5 0 -TA CGGYTACCTTGTTACGACTT (Weisburg et al., 1991) , in a total 20 ll of PCR reaction. The main PCR steps were programmed as follows: denaturation at 94°C for 45 s, annealing at 55°C for 60 s, and extension 72°C for 60 s. in 30 amplification cycles, followed by a final extension step at 72°C for 10 min. Genomic DNA from E. coli and PCR water were used as positive and negative controls, respectively. A Clean-up kit (Millipore) was used to purify the amplification products, according to manufacturer's protocol.
16S rDNA sequencing and construction of phylogenetic tree
Big Dye terminator cycle sequencing kit (Applied BioSystems, USA) was used for sequencing of the 16S rRNA gene. Sequencing products were resolved on an Applied Biosystems model 3730XL automated DNA sequencing system (Applied BioSystems, USA). The phylogenetic relationships tree among the MSR1 and several representative species from Enterobacteriaceae obtained as hits in BLASTN, was constructed using neighbour-joining (Saitou and Nei, 1987) as implemented in MEGA 5.02 (Tamura et al., 2011) ; bootstrap support (Felsenstein, 1985) were generated based on 1500 replicates. The evolutionary distances were computed using the Maximum Composite Likelihood method (Tamura et al., 2004) . The 16s rRNA gene sequence of MSR1 was deposited in the NCBI database under the accession No. KJ668861 (Table 1) .
Inoculation of P. sativum with MSR1 strain
The growth promotion of MSR1 on the growth was assessed by inoculation of P. sativum, an economically-important grain legume, with MSR1. Seeds of P. sativum were surface-sterilized as described and five healthy seeds planted per pot containing sterilized agricultural soils (Vincent, 1970) . Seeds were then inoculated with MSR1 suspensions (2 ml of OD 660 1.0) and untreated control plants to which 2 ml sterilized distilled water was used. After 15 days, the height, fresh and dry weights of the primary root and shoot were measured. The experiment was performed in triplicate. Significance between treatments was calculated after statistical analysis of data using Student's t test.
Results
E. cloacae were isolated from inside surface-sterilized alfalfa roots and characterized using phenotypic traits and PCRamplified 16S rRNA gene sequences (Table 1) . Furthermore, the growth parameters (length of the primary root and number of secondary roots of and dry weight of roots) of P. sativum were significantly increased upon inoculation MSR1. MSR1 exhibited a white, rounded colony with entire in edge. Gram staining showed that the cells of MSA1 are Gram-positive rod-shaped (Table 1) .
Phenotypic characterization MSR1 using API20 and API50CH kits
The data of the phenotypic characteristics using the API 20E biochemical identification system (bioMe´rieux) are presented in Table 1 . MSR1 consumed 75% (15 out of 20) of the different chemical substrates contained in the API20E strip. Generally, MSR1 fermented/oxidized all the carbohydrate tested except for the polyol carbohydrate, inositol (Table 1) .
Furthermore, MSR1 consumed ortho-nitrophenyl-b-galacto side (ONPG), Na pyruvate and the amino acids arginine ornithine but not lysine. In addition, MSR1 was unable to hydrolyse urea, charcoal gelatin or produce H2S from Na thiosulfate. Based on the results of API20E, MSR1 was identified as E. cloacae at a percentage of 95.1% using the relevant software Version 4.1 identification database. For further characterization, the strain MSR1 was tested for biochemical tests using API50CH (Table 1) . Out of 50 different carbohydrates included in the API50CH strip, MAR1 was able to consume only 5 which represent 10% of different compounds as a sole source of carbon and energy. MAR1 utilized glycerol, D-xylose, D-maltose esculin and methyl-a D-glucopyranoside. As the majority of API 50CH tests for the strain MSR1were negative, they were therefore not shown.
Catalase test
As can be seen in Table 1 , MSR1 was catalase positive as indicated by evolution of gas bubbles once hydrogen peroxide was added to the growing culture.
Production of indole acetic acid (IAA)
MSR1 produced IAA (112 lg ml À1 ) when the growth medium supplemented with tryptophan at a concentration of 0.2 lg ml À1 (Table 1) . No detection of IAA was observed when MSR1 was grown on no-added tryptophan growth medium.
Phosphate solubility
MSR1 was tested for this characteristic using the qualitative method described earlier by Pikovskaya (1948) and the results presented in Table 1 . A clear zone appeared around the colony of MSR1 grown on Pikovskaya agar supplemented with calcium triphosphate as a source of insoluble mineral phosphate.
Growth of MSR1 under different concentrations of NaCl
As presented in Table 1 , MSR1 grew well at low levels of NaCl (1 and 2% NaCl) while at 3% NaCl, weak growth was observed. At 4% NaCl, MSR1 struggled to grow and after this concentration of the salt no growth appeared. Furthermore, MSR1 could grow under elevated levels of NaCl up to 8% after which no growth was observed.
Starch hydrolysis
The results of the starch hydrolysis test are presented in (Table 1) . As can be seen, a halo zone was formed around the colonies of MSR1 upon addition of iodine reagent indicating its ability utilized starch as a carbon and energy source via alpha-amylase.
Intrinsic antibiotic resistance
Strain MSR1 exhibited intrinsic antibiotic resistance to all of the antibiotics tested with the exception of chloramphenicol (30 mcg) ( Table 1 ). The diameter of the inhibition zone that formed around the chloramphenicol disc was 1.8 cm indicating that this antibiotic is effective against MSR1, compared to other antibiotics. On the other hand, MSR1 showed resistance to the following antibiotics: ampicillin sulbactam (10 mcg), erythromycin (15 mcg) cephradine (30 mcg), tetracycline (30 mcg) and erythromycin (15 mcg).
Antibacterial activity of MSR1
The results of the antibacterial activities of MSR1 against six pathogens are presented in Table 1 . MSR1 exhibited an antibacterial activity against L. monocytogenes ATCC7644 as indicated by formation of the inhibition zone around the ground MSR1 colony. However, no zones of inhibitions were noticed around MSR1 colonies highlighting that no antibacterial activities against the rest of the bacterial strains were tested.
3.9. Sequences of the 16S rRNA gene MSR1 exhibited 16SrRNA gene sequences of 99% homology with E. cloacae subsp. cloacae strain DSM 30054T (accession No. HE978272), E. cloacae strain 5621A (accession No. JN644526), E. cloacae strain AB6 (accession No. JQ640581) and E. cloacae strain E717 (accession No. EF059865) ( Table 2 ). As expected there was a substantially low homology (81%) with Bacillus firmus strain UST981101-006 (accession No. FJ188300), after comparative sequence analysis using BLAST tools in NCBI. The 16S rDNA sequence-based phylogenetic tree analysis revealed that MSR1 belonged to the family Enterobacteriaceae and grouped with E. cloacae clade (Fig. 1). 3.10. Effect of MSR1 inoculation on P. sativum MSR1 was tested for its growth promotion activity for P. sativum and the results are presented in Figs. 2 and 3. MSR1 inoculation significantly improved the length of the primary, the number of secondary roots and root dry weight. The MSR1-inoculated roots of alfalfa reached a length of 12.5 cm compared to the control (8 cm) (Fig. 2) . Likewise, the inoculation with MSR1 improved significantly the dry weight of the root per plant (39 mg plant À1 ) compared to the uninoculated control plants (24 mg plant À1 ), (P < 0.001) (Fig. 3) . Furthermore, a significant increase in the number of lateral roots in P. sativum (20.57 cm) was noticed in MSR1-inoculated plants compared to the control ones (11 cm, respectively) (P < 0.01). No differences in the height or the dry weight of the shoot were observed between the treated and untreated plants (Figs. 2 and 3) . The positive effects of MSR1 on growth of P. sativum were more observed in the root system of this plant.
Discussion
In the current study, E. cloacae were found to be in association with non-nodulating roots of alfalfa. This bacterium was also described phenotypically and genotypically and exhibited plant growth promotion when inoculated P. sativum (Table 1) .
The commercially available simple tool, API 20E biochemical identification system (bioMe´rieux), was used to identify the MRS1 strain. This system is proved to be accurate for bacterial identification at the genus level and in some cases at the species level (Turcovsky´et al., 2011) . In our case, the API20E provided identification of MSR1 as E. cloacae with a percentage of 95.1%. This finding was in agreement with those obtained from comparative 16rRNA gene sequences, indicating that both tools can provide accurate identification of Enterobacter spp.
Remarkably, MSR1 produced acetoin (the 3-hydroxy-2-butanone) (Table 1) , an elicitor, which plays a pivotal role in induced systemic resistance. Elicitation of induced systemic resistance is mediated via certain metabolites produced by rhizobacteria resulted in enhancing the plant resistance against pathogens (Kloepper et al., 2004; Van Loon and Glick, 2004; Rudrappa et al., 2010) . It has been observed that acetoin produced by Enterobacter aerogenes rendered maize plants more resistant against, Setosphaeria turcica, the Northern corn leaf blight fungus (D'Alessandro et al., 2014) . Therefore, it can be concluded that the strain MSR1 via its ability to produce acetoin, could have a key role in induction of plant resistance against certain phytopathogens.
The findings that MSR1 was unable to utilize the majority carbohydrate in the API 50CH strips are line with the findings of other researchers studying members of Enterobacteriace; Xenorhabdus budapestensis, Xenorhabdus ehlersii, Xenorhabdus innexi and Xenorhabdus szentirmaii (Lengyel et al., 2005) .
Catalase enzyme plays a major role in organism protection against toxic free radicals that are generated particularly under environmental stresses. Therefore, MSR1 expressing catalase activity could promote plant growth via an indirect way. These findings are in agreement with those obtained previously (Kravchenko et al., 2004; Bumunang and Babalola, 2014) .
Production of the phytohormones is one of the common features of the plant growth-promoting bacteria, and MSR1 is not an exception. This finding is in consonance with those obtained by other researchers who studied E. cloacae isolated from different plant species (Deepa et al., 2010; Montanez et al., 2012; Ramesh et al., 2014) .
IAA is a plant growth regulating hormone which controls plant cell division and root elongation (Kravchenko et al., 2004) . Plant roots release nutrients that contain tryptophan which can be consumed by soil bacteria as a precursor for IAA production, a widespread trait among most plant growth-promoting bacteria. Phosphate solubility is another common trait through which rhizobacteria could substantially enhance plant growth. The result that MSR1 had the ability to solubilize inorganic phosphate highlights that the strain secretes organic acids and phosphatases, which solubilize the insoluble phosphate.
Consequently, the essential nutrient for plant growth, phosphorous, becomes available for roots to sustain plant growth. Our results run with those obtained by Li et al.,(2008) who reported that nodule endophytic bacteria of soybean grown in Heilongjiang province of China promote plant growth via phosphate dissolving ability. However, it is generally accepted that not all plant growth promoting bacteria are the phosphate solubilizers. It has been reported that rhizobacteria associated with the rhizosphere of Withania somnifera did not show phosphate solubilization ability (Rathaur et al., 2012) .
MSR1 exhibited the ability to grow on growth medium containing as high NaCl levels as 4%. These results are in agreement with those obtained on other Bacillus strains which could tolerate elevated levels of NaCl (Dastager et al., 2014) . Tolerance to salinity confers a selective advantage for rhizobacterial species populating the same soil localities suffering from elevated levels of salts.
Strain MSR1 exhibited intrinsic antibiotic resistance to all of the antibiotics tested with the exception of chloramphenicol. These results are in general agreement with those obtained by Ramesh et al. (2014) who studied the soybean endophytic bacterium, E. cloacae subsp. dissolvens MDSR9. Intrinsic resistance of rhizobacteria to antibiotics confers an ecological merit of survival in rhizospheric soils when they are applied as biofertilizers.
The antibacterial activity of the strain MSR1 against L. monocytogenes ATCC7644 provides an evidence that endophytic bacteria could have a role in out-competing human pathogenic bacteria. A further evidence for that, it has been reported that E. asburiae, which was isolated from the rhizosphere of Arabidopsis thaliana, out-competed human pathogens, S. enterica and the enterohemorrhagic E. coli (Cooley et al., 2003) . Strains of Salmonella have been recorded as endophytic bacteria in alfalfa sprouts (Ponka et al., 1995) .
Sequences of the 16S rRNA gene is a powerful and most commonly used tool in bacterial identification at both genus and specific levels and inferring phylogenetic relationships. MSR1 is identified as E. cloacae using the phenotypic-based API20E tests and verified using comparative sequence analysis of 16s rRNA gene, robusting the identification. Furthermore, the 16S rDNA sequence-based phylogenetic tree analysis revealed that MSR1 belonged to the family Enterobacteriaceae and grouped with E. cloacae clade (Fig. 1) . 16srRNA gene sequence analyses were used in identification of many endophytic bacteria. As an example, Stajkovic et al. (2009) found that nodules of M. sativa growing in central Serbia harboured Bacillus megaterium.
These findings that MSR1 exhibited growth promotion activity for P. sativum are in general agreement with previous studies on rhizobacteria that substantially enhanced the plant growth. It has been reported that E. cloacae significantly enhanced the growth parameters of rice seedlings compared to the untreated ones (Suprapta et al., 2014) . Similarly, rhizobacteria that are isolated from rhizosphere of one plant could improve the growth of another plant species. For example, growth enhancement of Phaseolus vulgaris and A. thaliana has been reported upon inoculation with B. megaterium, which was isolated from the rhizosphere of maize plants (Lo´pez-Bucio et al., 2007) . The growth promotion of P. sativum when inoculated with MSR1 can be explained by the multiple associative characteristics, phosphate solubility, nitrogen fixation, production of phytohormones and bioactive compounds, which this bacterium exhibits. The multifunctional plant growth promoting traits for rhizobacteria are clearly widespread features for this group of bacteria that could exert their positive effects via direct and indirect mechanisms.
To our knowledge, this is the first report addressing E. cloacae which exist in roots of alfalfa growing in Al-Ahsaa region. The results obtained in the current study confirmed that alfalfa roots harbour arrays of diverse bacteria. Furthermore, E. cloacae exhibited traits for plant growth promoting and could be developed as an eco-friendly biofertilizer for P. sativum and probably for other important plant species in future.
